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Z*  Studlea  on  1  Labeled  Cobrotoxin. 

By  talcing  an  autoradiogram,  Suaqrk  and  co-woricars  found  that 
moat  radioactivity  eoncentratad  in  tba  ranaX  eortas  aftar  injaction 
of  radioiodine  labaled  cobra  vanom  into  mica.  Laa  and  Taang  alao 
uaed  labeled  cobra  and  krait  vanoma  for  thair  diatribution 

and  mechaniam  of  toxicity  atudiaa*  Thay  found  tba  bigbaat  con** 
centration  in  the  kidnaya  and  tba  lovaat  in  tba  brain,  and  eoncludad 
that  tba  vanom  paaaad  the  brain-blood  barriar  with  difficulty! 
tberefora,  the  raapiratory  paralyaia  in  mica  after  injaction  waa 
actually  paripbaral  in  origin.  Since  tba  cryatallina  toxin,  eobro- 
toxin  obtained  from  Pormoaan  cobra  vanom  la  thought  to  ba  the  main 
toxic  protein  in  the  vanom,  the  praaant  atudy  waa  initiated  to  in- 
veatigate  the  propartlea  of  the  X  labeled  cobrotojcin,  ita  diatri¬ 
bution  and  ita  excretion  following  injaction. 

The  exbauated  iodlnation  of  cobrotoxin,  tba  cnatallina  toxic 
protein  obtained  from  Pormoaan  cobra  venom,  with  X^^  raaultad  in 
the  maximum  incorporation  of  4  molaa  iodine  par  mole  toxin  without 
changing  ita  lethality  or  antigenicity.  Aftar  intravanoua  injection 
of  a  aubletbal  doae  of  the  labeled  cobrotoxin  into  a  rabbit,  about 
70  %  of  the  radioactivity  waa  excreted  in  urine  within  S  houra. 

Moat  of  the  radioactivity  excreted  in  tba  urine  aftar  20  ninutaa 
injection  waa  abo%m  to  ba  in  the  intact  cobrotoscln  fraction  by  gal 
filtration,  paper  eleetropboraaia  and  tba  toxicity  teat.  Xn  tba 
urine  collected  4  houra  aftar  injection,  half  of  the  radioactivity 
appeared  in  tba  free  iodine  fraction. 

The  acanogram  of  rabbita  in  both  conditiona,  Immuniaad  and 
non- immunized,  ahowed  marked  different  pattern  in  diatribution 
of  radioactivity.  Xn  the  immunised  rabbit  the  radioactivity 
waa  firat  abown  in  the  region  of  the  cheat  then  gradually  abifted 
in  the  abdominal  region.  8ixty-aix  per  cent  of  the  injected 
radioactivity  waa  demonatrated  in  the  liver  of  the  immunised 
rabbit,  aacrified  J  houra  after  injection  of  the  labeled  toxin. 

And  moat  of  the  radioactivity  waa  found  in  the  aoluble  portion 
after  cell  fractionation.  In  the  non-immunisod  rabbit  the 
radioactivity  waa  localized  in  the  bladder  2  houra  after. injection. 
The  excretion  of  the  radioactivity  after  injection  of  X  -cobro¬ 
toxin  waa  much  slower  in  the  inmunized  rabbit  than  in  the  non- 
immunized  rabbit. 
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In  a  proTloua  paper,  we  have  reported  the  optical  rotatory 
diepereion  (ORO)  of  a  crystalline  toxic  ^protein,  cobrotoxin, 
obtained  from  Formoean  cobra  venom,  over  a  wavelength  range  of 
230  to  300  ny.  It  was  found  that  the  ORD  curve  of  cobrotoxin 
is  quite  different  from  those  of  the  usual  proteins  having  right* 
handed  •(-helical  structure  and  has  a  large  positive  peak  at  233 
1^.  The  present  paper  describes  the  studies  on  the  ORD  and 
Circular  dichroiom  (CD)  of  cobrotoxin  over  a  wavelength  range  of 
200  to  300  1^. 

The  ORD  curve  of  the  native  cobrotoxin  had  a  positive  peak 
at  207  nyii  s  negative  trough  at  222  m^,  and  a  positive  peak  at 
233  with  a  (^n^  value  of  *  3,400,  -  1,300  end  *  1,300  respecti¬ 

vely.  The  ve^  unusual  ORO  curve  with  a  positive  pocdc  at  233 
m  and  a  negative  trough  at  222  m^  has  been  observed  so  far  only 
for  avidin  and  erabutoxin  a*  The  CD  spectrum  of  cobrotoxin  had 
negative  maxima  at  around  '283  and  213  end  positive  maxima 
at  228  and  at  around  201  m^.  It  is  known  that  the  CD  spec¬ 
trum  of  B-etructure  of  poly-L-lysine  shows  a  negative  band  at 
217  mu  and  a  positive  band  at  195-197  and  that  the  protein 
having  ^structure  give  a  CD  spectrum  with  a  negative  maximum  at 
around  217  mu.  Thus  it  is  suggested  that  the  cobrotoxin 
molecule  contains  ^-structure.  The  origin  of  the  positive  CD 
maximum  at  228  im,  which  corresponds  to  the  positive  ORD  Cotton 
effect  with  the  peak  at  233  i*  not  clear  at  present. 
Cobrotoxin  contains  two  tyrosyl,  one  tryptophanyl  and  eight 
half-cystine  residues  per  molecular  weight  of  6848.  It  is 
possible  that  these  residues  contribute  to  the  CD  band  at  228 

V* 

On  reduction  or  oxidation  of  the  disulfide  bonds,  the  ORD 
and  CD  curves  changed  greatly.  The  ORD  curve  of  RCM- cobrotoxin 
bad  two  troughs  at  208  and  226  wfi,  Perfomic  acid-oxidised 
cobrotoxin  gave  a  similar  ORD  curve  with  two  troughs  at  210  and 
230  B^.  Corresponding  with  this,  the  CD  spectrum  of  performic 
acid-oxidized  cobrotoxin  had  a  negative  maximum  at  202  np  and  a 
shoulder  at  around  222  mft.  These  ORD  and  CD  curves  are  not 
characteristic  of  the  completely  random  conformation,  but 
closely  resemble  the  calculated  ORD  curves  of  a  mixture  of  a 
large  amount  of  random  coil  and  a  small  amount  of  c(.-hBli3c  or 
structure. 
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X.  atudi««  on  hahmlmd 


1.  Introdttetloa 

By  tAKING  an  autoradiogrMi,  SUIKK  and  eo^wortwra  (l)  t«maA 
that  Boat  radioactlTity  coaeaBtratad  ia  tba  raaai  cartas  after  is- 
JaetioB  of  radioiodiaa  labalad  cobra  raaoa  late  aiea*  Lao  aad 
Taaag  (a)  aloo  uaad  labalad  cobra  aad  krait  voaaaa  for  tbalr 

diatrlbtttion  and  aachaalaa  of  toxicity  atadiaa.  They  foaad  tba 
bigboBt  coacoatratioo  in  tha  kidnaya  and  tba  lowaat  in  tba  brain* 
aad  coacludad  that  tha  vanoa  paaaad  tha  braia-blaod  barriar  with 
difficulty I  tbarafora*  tha  raopiratory  paralyaia  ia  aica  after  ia* 
jaetion  waa  actually  paripbaral  in  origin. 

Binca  tha  cryatallina  toxin,  cobrotoxia  (3)  obtainad  fraa 
raraoaaa  cobra  ranoa  is  thought  to  ba  tba  aala  toxic  protein  ia 
tba  vanoa,  the  praaaat  study  was  iaitiatad  to  invastigata  tba 
properties  of  tha  labalad  cobrotoxia,  its  distribution  aad 

its  excretion  following  injactioa. 


2*  Haterials  aad  Methods 

Cobrotoxin  used  ia  this  study  was  prapairad  froa  Foraosaa 
cobra,  Naja  naja  atra,  vanoa  ns  praviously  dascribad  (3).  MaX*^ 
was  purchased  froa  Chia-Hoa  University.  Tha  standard  iodine 
aoaecblorida  solution  (4),  consisting  of  0.02  M  of  XCl,  2.0  M  of 
NoCl,  0.02  N  of  KCl  and  1.0  K  of  HCl,  was  prepared  as  followsi 
21  al  of  concentrated  HCl  was  added  to  a  solution  of  0.355  2  Kl, 
0.3517  g  KIO,  aad  29.2  g  NaCl.  The  final  voluae  was  brought  up 
to  250  al  with  water.  Any  iodine  which  bad  separated  out  was 
roaovad  by  rapaatod  shaking  of  tba  solution  with  carbon  tatracblo^ 
ride.  Tha  residual  carbon  tatrachlerida  was  reaoved  by  passing 
staoa  through  tba  solution.  One  al  of  this  standard  XCl  solution 
coatainad  2.55  ag  of.iodiao.  The  labeling  solutioa  was  prepared 
by  adding  1  nc  of  to  a  Baxinua  of  0.38  to  0.12  of  tba  stand¬ 

ard  iodine  aoBochloride  solution* 

a.  Label inn  tachntgua 

HUGLX'S  netbod  (4)  of  labelinc  sorua  albuain  was  applied  with 
ainor  aodlfications.  The  procedure  was  as  followsi  6.6  ag  of 
the  toxin  in  1  nl  of  1  K  glycine  buffer  (pH  9)  was  Injaetad  into 
tha  labeling  solution.  Aftor  10  aln,  the  free  iodine  was  reaoved 
by  passing  through  a  Sephadax  Q  25  coluan  (l.l  x  20  ca),  which 
was  washed  with  water.  Tha  affluent  was  col looted  by  gravity 
every  I.5  al.  9'^-95  per  cent  of  tba  iodinatad, toxin  was  collected 
in  fractions  Nos.  5-3.  Tha  radioactivity  of  was  counted  with 
a  wall-type  scintillation  counter.  Protein  was  dataraiaad  by  tba 
biuret  aatbod  (5) * 
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b.  Hydrolrflig  o?  ilta  labeled  cebrotoxln  (6.7) 

l^ivo  ng  of  tyrooino,  diiodoi^^ooino,  and  nonoiodotyrosiiMt 
and  200  mg  of  NaOlt  were  dlsoolved  in  1  ml  of  iodinated  toxin 
solution  containing  about  8&0  ug  of  protein,  which  had  a  maxi  mm 
iodination,  i.c.  4  mole  iodine/iaole  cobrotoxin.  This  solution 
was  transferred  to  a  small  pyros  test  tube,  which  was  then  saalod 
and  put  into  boiling  water  for  about  20  hr.  After  hydrolysis, 

CO  was  passed  through  the  solution  to  bring  tho  pH  to  about  9«0. 
It^was  kept  in  an  ice-box.  0.01  ml  of  the  hydrolysate,  eontsln- 
ing  radioactivity  of  0.1  to  0.4  ^c,  was  applied  to  Vliataan  No.  1 
filter  paper  for  paper  chromatography. 

c .  Paper  chromatoornphy  and  autoradio nrgphy 

An  ascending  ono-dinoneional  technigue  was  used  with  Vhatnan 
No.l  filter  paper.  The  solvent  systems  used  weret  (a)  collidine 
-H.O  (125  i  44)  with  a  small  beaker  containing  concentrated  NH. 
placed  in  the  bottom  of  the  glass  jar  to  provide  an  atmosphere^ 
of  ammonia  (6))  and  <b)  butanol-acetic  acid-H^O  (?.00  t  30  t  75) 
(6).  The  samples  applied  were  protein  hydrorysate  and  urine 
collected  from  rabbits  at  various  periods  after  the  injection  of 
the  labeled  toxin.  Development  of  the  chromatogram  was  stopped 
12  hr  later.  After  drying  at  25  i  2**  the  paper  was  brought  into 
contact  with  a  piece  of  Kodal«  X-ray  film.  After  1  to  3  weeks' 
exposure,  the  film  was  developed.  Vhen  protein  hydrolysate  was 
used  as  a  sample,  amino  acid  was  also  detected  by  spraying  with 
0*1  per  cent  ninhydrin  alcohol  solution  (9) > 

d.  Paper  electrophoresis  and  autoradiooraPhy 

A  Beckman  Kodel  R  electrophoresis  apparatus  was  used. 

Methods  employed  were  those  commonly  used  for  serum  albumin  with 
slight  modifications.  0.01  ml  of  urine  was  applied  to  Vbatmon 
No.  1  filter  paper.  After  electrophoresis,  the  paper  was  dried 
and  brought  into  contact  with  an  X-ray  film.  After  I  to  3 
weeks'  exposure,  t:ie  film  was  developed. 

e .  Ring  teat 

About  0.03  ml  of  rabbit  anti-cobrotoxin  serum  was  pipetted 
into  a  series  of  tubes  (3  x  70  mm).  Tho  precipitin  ring  at  the 
interface  was  observed  at  30  uin  and  1  hr  after  an  equal  volume 
of  tw^old  diluted  antigen  solution  was  overlaid  (lO). 

f .  Letliallty 

Venon  lethality  was  measured  by  i.p.  injection  of  the  venom 
solution  into  mice  of  a  N.I.H.  strain  (11).  In  tho  mice  weigh¬ 
ing  18  1  1  g,  tho  bD  of  tho  cobrotoxin  was  npproximatoly  O.065 
mg/kg  body  wt. 


3  •  Resulta  tvn*^  DiB>^  •snion 
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a.  lodination  of  cobrotaytin  *tth  I 

Under  the  conditions  described ,  about  80  per  cent  iodine  was 
incorporated  into  the  cobrotoxin.  By  chronatograpbic  detection 
ot  free  iodine,  using  Vliatsaan  No.  1  filter  paper  and  methanol, 
the  values  of  cobrotoxin  and  iodine  were  0  and  0.5-0. 6  respec¬ 
tively.  The  labeled  cobrotoxin  preparation  was  found  to  contain 
less  than  1  ■pew  per  cent  free  iodine. 

As  shown  in  Pig.  1,  the  esdiausted  lodination  of  cobrotoxin 
with  increasing  amounts  of  ICl  resulted  in  a  maximum  incorporation 
of  4  moles  iodine/mole  cobrotoxin.  It  has  been  reported  that  in 
lodination  of  some  proteins,  such  as  lactogenic  hormi^ne  (6),  sein 
(12)  and  insulin  (13) «  only  tyrosine  is  iodinated.  However, 
histidine  can  also  be  iodinated  by  the  method  (4) . 

Therefore,  the  possibility  of  lodination  of  amino  acids 
other  than  tyrosine  in  cobrotoxin  was  studied.  The  labeled  co¬ 
brotoxin,  which  had  a  maximum  lodination,  i.e.  4  moles  of  iodine 
/mole  of  the  toxin,  was  hydrolyzed  with  alkali  in  a  sealed  tube 
in  the  presence  of  tyrosine,  monoiodotyrosino  and  dliodotyrosine. 
After  20  hr  hydrolysis  at  lOo”,  paper  chromatography  and  subsequ¬ 
ent  autoradiography  were  performed.  The  major  spot  on  the  au¬ 
toradiogram  was  identified  as  dliodotyrosine,  and  two  minor  spots 
as  monoiodotyroaine  and  free  iodine.  However,  not  even  a  trace 
of  iodinated  histidino  was  found.  It  is  likely  that  the  small 
amounts  of  the  monoiodotyrocino  and  free  iodine  result  from  the 
decomposition  of  dliodotyrosine,  t/hich  resulted  from  the  exhausted 
lodination  of  the  cobrotoxin.  Tyrosine  residues  in  cobrotoxin 
were,  therefore,  estimated  to  be  2  moles/mol.  wt.  of  6,800. 

As  shown  in  Fig.  2,  the  u.v.  absorption  curve  of  the  labeled 
cobrotoxin  was  as  changed  as  that  of  the  iodinated  serum  albumin 
(l4) .  However  the  lethality  and  antigenicity  of  the  cobrotoxin 
remained  unchanged  even  after  exhausted  lodination  (Tables  I  and 
11),  suggesting  that  tyrosine  was  not  involved  in  the  active  sites 
of  the  toxicity  and  antigenicity.  After  lodination  of  crude 
venom,  I.ee  at  al.  (15)  found  that  the  toxicity  was  reduced  to  69 
per  cent  and  the  curare-like  activity  remained  unaffected.  On 
the  other  hand,  Yang  in  his  early  paper  (l6)  showed  that  the 
lethality  of  cobrotoxin  remained  only  1.8  per  cent  after  iodlna- 
tion  using  the  same  procedure.  The  results  of  the  lethality 
of  the  cobrotoxin  after  lodination  shown  in  the  present  paper 
and  those  of  Yang's  early  study  are  contradictory |  however  the 
difference  night  be  attributable  to  the  different  procedure  of 
lodination  used. 
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urine 


b.  Excretion  of  1' 


labeled  cobrotoxin  in  rabbit 


Mala  rabbits  weighlno  from  S  to  ^.*5  leg  wars  glvaa  50  ■!  of 
Boraal  salino  solution  by  stonach  tuba  and  injsotod  intravonously 
with  £5  ug  of  tha  labalad  eebrotoxin.  Bvary  S  nl  of  urina  was 
eollaetad  by  eathatarisation.  Radioactivity  of  aaeh  fraction 
was  eountod  by  a  wall-typa  scintillation  countar.  As  shown  in 
Fig.  3 1  about  70  par  cant  of  tha  radioactivity  was  ascratad  in 
the  urina  within  5  hr.  But  RIBA  (iodinatad  sarun  albuain)  was 
asoratad  in  amounts  lass  than  10  per  cant. 

Tha  urine  of  the  fraction  No.  3t  eollaetad  20  nin  aftar  in* 
Jaetiotti  and  of  tha  fraction  No.  '0,  eollaetad  4  hr  aftar  injao* 
tion,  wara  passad  through  a  Saphadex  Q>25  eoluna.  As  shown  in 
Fig.  4 1  tha  majority  of  tho  radioactivity  in  fraction  No.  3  was 
in  large  molecule ,  while  in  the  urina  eollaetad  in  fraction  No. 
rO|  tha  radioactivity  appeared  in  two  paaks  of  equal  sisai  one 
large,  tha  other  a  small  molecule. 

In  ordar  to  invastigata  the  properties  of  tha  radioaetiva 
compounds  axcratad  in  tha  urine,  tha  following  experiments  were 
dona.  0.01  ml  urina  of  fraction  Nos.  '^0  and  11,  eollaotad  4 
hr  and  2  hr  aftar  injection,  wara  applied  to  Vhatman  No.  1 
filter  paper.  Aftar  chromatography,  tha  radioaetiva  compounds 
wara  separated  into  two  spots |  one  at  tha  starting  point  as  tha 
labalad  eobrotoxini  tha  other  locatad  as  free  iodina.  In  an¬ 
other  axpariment,  2  ml  of  urina,  containing  4  pc  of  radioacti¬ 
vity,  wara  collected  between  13  and  ZO  min  aftar  injection  of 
8oo  pg  labalad  cobrotoxin.  0.6  ml  of  the  sane  urina  was  in- 
jactad  into  2  mice,  which  died  within  2  hr,  while  tha  injection 
of  tha  same  amount  of  urine  collected  before  injection  of  tha 
toxin  did  not  kill  mice.  However,  tha  I'D-,  of  the  excreted 
toxin  was  not  determined.  After  eloctropnoresis  of  tho  same 
urine  for  16  hr,  the  radioactive  substance  showed  one  band, 
slightly  toward  tha  cathode.  This  position  was  almost  identical 
to  that  of  the  labeled  cobrotoxin.  It  has  been  reported  (17) 
that  protein  with  a  noljsy4rt.  of  70,000  appeared  in  the  glomerular 
filtrate,  but  some  protein  such  as  serum  albundn  (mol.wt.  67,500) 
is  reabsorbed  from  the  tubule  lumen,  whereas  hemoglobin  (mol.wt. 
76,000)  is  excreted  only  when  its  concentration  in  blood  exceeds 
a  smaller  amount  than  normal. 

In  the  present  experiment,  only  a  small  amount  of  the 
toxin  (£’5  pg)  was  injected.  The  reason  why  the  toxin  was  ex¬ 
creted  so  rapidly  in  urine  is  obscure  at  tho  present  time. 
However,  two  reasons  might  be  suggestodi  the  toxin  might  freely 
pass  through  the  glomerular  filter  without  reabsorption  from 
the  tubule  lumen,  since  tho  molecular  weight  is  small  (3)  (18) | 
or,  the  toxin  might  have  some  toxic  action  in  the  kidney  and 
effect  excretion  (19) . 

In  order  to  know  whether  cobrotoxin  has  any  toxic  effect 
on  tho  renal  function,  radioiodinated  serum  albumin  was 
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injected  into  rnli'oita  with  and  without  non^labelod  cobrotoxin 
emd  urino  waa  collected*  The  excretion  of  radioiodinated 
aerun  albuain  in  urine  within  5  hours  after  injection  was  5>6 
Cobrotoxin  does  not  affect  the  excretion  significantly  (Pig.  5)« 
Analysis  of  creatinine,  uric  acid,  sugar  and  total  nitrogen  in 
urine  show  no  difference  before  ond  after  injection  of  cobro* 
toxin.  It  seems  that  cobrotoxin  does  not  affect  the  renal 
function  in  our  experimental  condition.  Therefore,  it  is 
concluded  that  rapid  excretion  of  the  injected  labeled 

cobrotoxin  is  not  likely  due  to  the  change  of  renal  function 
by  cobrotoxin. 

Ill 

c.  Distribution  of  I  labeled  cobrotoxin  in  im¬ 
munized  and  non-innunined  rabbits 


Male  rabbits  weighing  from  2.0  to  2*5  kg  were  immunised 
by  injecting  increasing  doses  of  cobrotoxin  with  Freund's 
complete  adjuvant.  Six  to  360  pg  per  kg  body  weight  were 
injected  subcutaneously  into  the  footpads  at  6>day  intervals 
during  a  period  of  t%ro  months.  Six  to  15  after  the  last 

shot,  the  immunized  rabbits  were  injected  -labeled  cobro¬ 
toxin  (500-750  pg)  intravenously. 

The  scanograma  of  the  whole  itmaunized  rabbits  after  injec¬ 
tion  of  the  labeled  toxin  (SOO  pg)  were  shown  in  Fig.  6. 
Radioactivity  was  first  revealed  in  the  region  of  the  chest 
(Pig.  6a),  3  hours  after  injection,  then  gradually  shifted  in 
the  abdominal  region  (Fig.  6b,  c,  d) .  On  the  contrary,  in 
the  non-immunized  rabbit,  the  radioactivity  wos  localized  in 
the  bladder  2  hours  after  injection  of  40  pg  of  the  labeled 
toxin.  (Fig.  7). 

Five  hours  after  injection,  a  rabbit  was  sacrified  and  the 
radioactivity  in  each  organ  was  measured.  As  seen  from  Table 
III,  66  %  of  the  injected  radioactivity .was  demonstrated  in  the 
liver,  while,  spleen  has  the  highest  -count  per  gm  tissue 
basis.  It  ia  obvious  that  !'*'■'  content  in  XiYQr  observed 
on  the  chest  region  in  the  scanogrom  whereas  I  content  in 
Kidney  and  bladder  was  observed  in  the  abdominal  region.  As 
shown  in  Tablo  IV,  most  of  the  radioactivity  were  found  in  the 
soluble  fraction  after  cell  fractionation.  Small  amounts 
found  in  microsomes,  nucleus,  and  mitochondrial  fractions  nay 
be  due  to  the  contamination  of  soluble  fraction  during 
fractionation . 

The  scanogram  of  robbit  4  hours  after  injection  (Fig. 

6b),  shoved  radioactivity  in  the  neck  region,  which  deannstra- 
ted  that  deiodination  took  ploce  in  the  immunised  rabbit  after 
injection  of  labolod  cobrotoxin. 

The  excretion  of  radioactive  substances  after  injection 
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of  I  -labeled  toxin  was  onich  alower  in  the  ioaunised  rabbit* 
than  in  non-inuDunlzed  rabbit*  Xn  non-iaBunisod  rabbit | 
approxiaately  70  %  of  the  injected  radioactivity  we*  excreted 
in  the  urine  within  5  boure,  while  in  the  iaaunised  rabbit ,  only 
5-7  K  of  the  Injected  radioactivity  we*  excreted  in  4  hour*,  and 
60-70  ft  of  the  radioactivity  wa*  excreted  within  4  days  (Vig*  8) 

131 

I  -labeled  serua  protein  have  been  used  in  the  study  of 
the  fate  of  protein  after  injection  into  the  iaaunised  and  non- 
iaaunized  rabbit*.  It  wa*  deaonstrated  that  the  only  trace 
aaount  of  the  labeled  protein  renained  in  blood  for  several 
hour*  after  iniection  into  the  non-inaunised  rabbits,  but  the 
nost  of  the  X^^  -labeled  serua  protein  wa*  reaoved  froa  the 
blood  soon  after  the  Iniection  to  the  iaaunised  rabbits*  Xt 
is  interpreted  that  X^^  labeled  serua  protein-antibody  coaplex, 
which  formed  in  the  iaaunised  eniaal  is  phagocited  by  the 
liver  or  spleen  cells*  Phagocytosis  of  radioiodinated  serua 
albumin-antibody  coaplex  was  also  found  in  aouso  peritoneal 
cell*  Apparent  prolonged  retention  of  the  radioactivity  after 
injection  of  -labeled  cobrotoxin  in  the  iaaunised  rabbits 
than  in  non-immunized  rabbit  was  deaonstrated  in  this  experiaent 


4.  Conclusion 

The  exhausted  iodination  of  cobrotoxin,  the  crystalline 
toxic  protoin  obtained  froa  Formosan  cobra  venoa,  with  X*^ 
resulted  in  tho  maximum  incorporotion  of  4  moles  iodine  per 
mole  toxin  without  chcmging  its  lothality  or  antigenicity* 

After  intravenous  injection  of  a  sublethal  dose  of  the  labeled 
cobrotoxin  into  a  rabbit,  about  70  f(  of  the  radioactivity  was 
excreted  in  urino  within  5  hours*  Most  of  the  radioactivity 
excreted  in  the  urine  after  20  ainutes  injection  was  shown  to 
be  in  the  intact  cobrotoxin  fraction  by  gel  filtration,  paper 
electrophoresis  cmd  the  toxicity  test.  Xn  the  urine  collected 
4  hours  after  injection,  half  of  the  radioactivity  appeared  in 
tho  froc  iodine  fraction. 

The  scanogram  of  rabbits  in  both  conditions,  immunized  and 
non-imnuninsd,  a'.iuv.-cd  marked  different  pottern  in  distribution 
of  radioactivity.  In  the  immunized  rabbit  the  radioactivity 
was  first  shown  in  the  region  of  tho  chest  then  gradually 
shifted  in  the  abdominal  region*  Sixty-six  per  cent  of  the 
injected  rodioactivity  was  demonstrated  in  tho  liver  of  the 
immunizod  rabbit,  sacrifiod  5  hours  after  injection  of  the 
labeled  toxin.  And  moot  of  tho  rodioactivity  was  found  in  the 
soluble  portion  after  coll  fractionation*  Xn  the  non-immuniaed 
rabbit  tho  radioactivity  was  localised  in  the  blodder  a  hours 
after  injectio^.^  The  excretion  of  the . radioactivity  after 
injection  of  I  -cobrotoxin  was  auch  slower  in  the  immunised 
rabbit  than  in  the  non-iaaunized  rabbit. 
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II .  Optical  Rotatory  Diapersion  and  Circular  Dlchrolsa  of 
Cobrotosin 


1.  Introduction 

In  a  previous  paper  (20),  we  have  reported  the  optical  rotatory 
disperaion  (OHO)  of  a  crystalline  toxic  protein,  cobrotoxin, 
obtained  from  Poraosan  cobra  venon,  over  a  wavelength  range  of 
230  to  300  It  was  found  that  the  ORO  curve  of  cobrotoxin  is 

quite  different  fron  those  of  the  usual  proteins  having  right* 
handed ci^-heli cal  structure  and  has  a  large  positive  peak  at  233 
The  present  paper  describes  the  studies  on  the  ORD  and  circular 
dichroisa  (CO)  of  cobrotoxin  over  a  wavelength  range  of  200  to  300 

T- 


2.  Materials  and  Hethods 

Cobrotoxin  used  in  this  study  was  prepared  from  Formosan 
cobra  (MaJa  naJa  atra)  venom  as  previously  described  (3). 

a*  Preparation  of  the  reduced  and  S-carboxymethy* 
lated  cobrotoxin 

Reduction  and  alkylation  of  cobrotoxin  was  performed  accord¬ 
ing  to  the  method  described  by  Crestfield,  Moore  and  Stein  (21). 

300  mg  of  cobrotoxin  was  dissolved  in  10  ml  of  0.2  H  Tris-HCl 
buffer  (pH  8.2)  containing  8  M  urea  and  0.3  ml  of  p-mercaptoetb- 
anol  was  added.  The  glasa-stoppered  tube  was  flushed  with  N 
and  left  at  room  temperature  for  4  h.  For  alkylation,  900  mg 
of  iodoacetic  acid  in  2*3  ml  of  2  N  NaOH  was  added  with  constant 
stirring  and  the  pH  of  the  solution  was  maintained  at  pH  8.6  with 
the  aid  of  2  N  NaOH.  After  30  min  the  solution  was  placed  on  a 
column  (2  X  32  cm)  of  Sephadex  G-25~80  for  desalting.  The  reduced 
and  S-carboxymethylated  (RCH-)  cobrotoxin  emerged  in  the  void 
volume  was  pooled  and  lyophili.zed. 

b.  Performic  acid-oxidised  cobrotoxin 

Performic  acid-oxidised  cobrotoxin  was  prepared  as  previously 
described  (16).  30mg  of  cobrotoxin  was  dissolved  in  1  ml  of  the 
mixture  of  88  %  formic  acid  and  30  %  H  (9  >  1,  v/v) ,  which  was 
preincubated  for  1  b  at  room  temperature ‘^then  at  g  for  30  min, 
the  mixture  nas  then  incubated  for  3  h  at  2  to  4  .  After  10  ml 
of  ice  cold  water  was  added,  the  mixture  was  lyophilised.  The 
dried  material  was  redissolved  in  3  ml  of  water  and  was  again 
lyophiliaed. 


c.  ORD  and  CD  measurements 


ORO  and  CO  measurements  were  made  using  a  Jasco  spectrepola- 
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rlMtcr  Model  0iU)/UV-5  with  •  CO  attochment.  The  ORO  data  wore 
espreeaed  in  teraa  of  the  reduced  mean  reaidue  rotation  ( (ay 
Holecular  elliptieity,  ,  waa  obtained  by  the  equationy 

,  where  <•  ia  the  difference  between  the  aolar 

esniaetion  eoeffieienta  Tor  left  and  right  circularly  polariaed 
light*  The  average  reaidue  weight  waa  uaed  in  calculation  of 


3*  Raaulta  and  Diacuaaion 

Tig.  9  ahowa  the  ORO  and  CO  curvoa  of  the  native  cobrotoxin 
over  the  wavelength  range  of  200  to  310  a|i.  The  ORO  curve  hod 
a  poaitive  peak  at  207  iVt  a  negative  trough  at  222  and  a 
poaitive  peak  at  233  W  with  a  0*0  *  3«400|  •  1*350 

and  *  1*300  reapectively.  The  01u>  of  thia  protein  above  230 
haa  already  bean  reported  in  a  previoua  paper  (20) .  The  very 
unuaual  ORO  curve  with  a  poaitive  peak  at  S33  mu  and  a  negative 
trough  at  222  ayi  haa  been  obaerved  ao  far  only  for  avidin  (22) 
and  erabutoxin  The  ORO  and  CO  of  the  latter  protoin  will  be 

reported  in  an  aeconpanying  paper.  The  CD  apectrum  of  cobrotoxin 
had  negative  naxiMa  at  around  285  1^  ((O^  ■  -  300)*  and  21.5 
((•^  ■  •  1*350)  and  poaitive  naxina  at  228  nu  ((0)  •>  *  4,800)  and 
at  around  Ml  a}t  ((f^  ■  10*000).  It  ia  known  that  the  CO 

apectruM  of  ^-atructure  of  poly-L-lyaine  ahowa  a  negative  band  at 
217  np  and  a  poaitive  band  at  195  ~  197  (23*  24)  and  that  the 

protein  having ^-atructure  aueb  aa  Bence>Jonea  protoina  (25)  and 
ailk  fibroin  (26)  give  a  CO  apoctrun  with  a  negative  maximun  at 
around  217  >9i.  Tbua  it  ia  auggoated  that  the  cobrotoxin  Molecule 
containa  ^atructure.  Tho  origin  of  the  positive  CD  naxinuM  at 
228  nu,  which  correaponds  to  the  poaitive  ORO  Cotton  effect  with 
the  peak  at  233  nu,  is  not  clear  at  present.  The  positive  CO 
band  at  226  uji  was  also  observed  for  Kunita  trypsin  inhibitor  (27)* 
Bence-Jones  proteins  (25) *o(-Dungarotoxin  (28),  erabutoxin  a  (29^  , 
and  avidin  (22) .  In  the  case  of  Kunita  trypsin  inhibitor  T30) 
and  Bence-Jones  proteins  (31)*  it  is  found  that  the  CD  band  at 
228  np  is  the  most  sensitive  index  for  a  conformational  change 
among  the  CD  bands.  Cobrotoxin  contains  two  tyrosyl*  one  try- 
ptophanyl  and  eight  halfcystine  residues  per  molecular  weight  of 
6848  (32).  It  is  possible  that  these  residues  contribute  to 
the  CD  band  at  226  ^  (30,  33). 

Pig. 10  shows  tho  ORD  and  CD  curves  of  RCH-cobrotoxin  tmd 
performic  acid-oxidised  cobrotoxin  in  aqueous  solutions.  On 
reduction  or  oxidation  of  the  disulfide  bonds*  the  ORD  and  CD 
curves  changed  greatly.  Tho  OUD  curve  of  RCM-cobrotoxin  had  two 
troughs  at  206  and  226  1191.  Performic  acid-oxidiaed  cobrotoxin 
gave  a  similar  ORO  curve  with  two  troughs  at  210  and  230  ijp. 
Corresponding  with  this*  the  CD  spectrum  of  performic  acid- 
oxidized  cobxotoxin  had  a  negative  maximum  at  202  mp  and  a  ahoulder 
at  around  222  afi.  These  ORD  and  CD  curvoa  are  not  characteristic 
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of  the  completely  random  conformation.  The  ORD  curves  shown  in 
l^ig.lO  closely  resemble  the  calculated  ORO  curves  of  a  mixture  of 
a  large  amount  of  random  coil  end  a  small  amount  ofo^-holix  or 
•structure  (34). 


4.  Conclusion 

The  ORD  curve  of  the  native  cobrotoxin  had  a  positive  peak  at 
207  a  negative  trough  at  222  in|Pi  and  a  positive  peak  at  233  ijp 
with  a  (^m'^  value  of  *  3,4oO,  •  1,350  and  *  1,300  respectively. 

The  very  unusual  ORD  curve  with  a  positive  pealc  at  233  and  a 
negative  trough  at  222  mji  has  been  observed  so  far  only  for  avidin 
and  erabutoxin 

The  CD  spectrum  of  cobrotoxin  had  negative  maxima  at  around 
28s  wfi  and  215  191,  and  positive  maxima  at  228  191  ond  at  around 
201  lyi.  It  is  suggested  that  the  cobrotoxin  molecule  contains 
^-structure. 

On  reduction  or  oxidation  of  the  disul^de  bonds,  tho  ORD 
and  CO  curves  changed  greatly.  The  ORD  cu^e  of  RCM- cobrotoxin 
had  two  troughs  at  208  and  226  191.  Perforaic  acid^oxidised 
cobrotoxin  gave  a  sinilar  ORD  curve  with  two  troughs  at  210  and 
230  mp.  Corresponding  with  this,  the  CD  speetnia  of  perfomic 
acid-oxidized  cobrotoidn  had  a  negative  maximum  at  202  up  and  a 
shoulder  at  around  222  op.  These  ORD  and  CD  curves  are^  not 
characteristic  of  the  completely  random  conformation,  but  closely 
resemble  the  calculated  ORD  curves  of  a  mixture  of  a  large  amount 
of  random  ceil  and  a  small  ameunt  ofCs-helix  or ]fi- structure. 
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III.  A»lno  Acid  CoBPoaltlen  of  Cobrotoacln 


Aaino  acid  coapoaltion  of  eobrotosin  haa  been  deternined  bf 
the  use  of  Technlcon  aaino  acid  Autoanaljraer.  As  seen  frea 
Table  V,  cobrotoxin  is  composed  of  15  kind  of  the  comaon  aaino 
acids  cuid  is  devoid  of  alanine,  methionine  and  phenylalanine. 
Although  a  molecular  weight  of  11,000  was  determined  formerly 
by  the  method  of  Archibald  for  cobrotoxin,  the  minimal  molecular 
weight  calculated  from  aaino  acid  analysis  (6l  residues  of  aaino 
acids)  is  close  to  6,800.  It  is  noteworthy  that  with  the 
exception  of  crotaain  (Table  V,  last  column)  all  the  neurotoxins 
obtained  from  snake  venoaa  contain  4  disulfide  bridges  and  possess 
alaost  the  saae  number  of  aaino  acids  in  the  molecule. 

The  N-teminal  aaino  acid  was  determined  to  be  leucine  by 
DNP-  and  PTC-aethods.  The  C-terminal  aaino  acid  was  identified 
as  asparagine  by  the  selective  tritium-labelling  procedure  of 
Matsuo  et  al.  and  carboxypeptidase  digestion. 

The  work  on  the  aaino  acid  soquonce  deteralnation  is  in 
progress.  The  reduced  and  S-carboxyaethylated  toxin  was  digested 
with  trypsin  OCC  (Diphenyl  carbaayl  chloride)  and  chyaotrypsin  in 
0.1  N  NH.UCO.,  at  pH  8.5.  After  6  hours  the  reaction  was  stopped 
by  freezing.  The  freeze-dried  material  was  dissolved  in  a 
starting  buffer  solution  and  was  loaded  on  a  column  (1.5  x  27  ca) 
of  Dowex  50  X  2.  The  column  was  developed  with  the  buffer 
linearly  increasing  the  pH  and  the  ionic  strength  from  0.1  M 
pyridine-formate  of  pH  3.1  to  2.5  M  pyridine-acetate  of  pH  5  by 
the  aid  of  an  Autograd  consisting  of  9  chambers.  The  flow  rate 
was  adjusted  to  70  ml  per  hour  and  the  appropriate  tubes  under 
the  chromatographic  peaks  wore  pooled  and  lyophilised  (Fig.  11). 

Hoaogeneity  of  the  peptide  fractions  obtained  by  column 
chroaatography  was  exaained  by  both  paper  chromatography  and 
paper  electrophoresis  (Fig.  la) .  The  heterogeneous  fractions 
were  further  purified  with  2  %  pyridine  acetate  buffer  at  pH  5.4 
by  high  voltage  paper  electrophoresis.  Tho  peptides  finally 
obtained  in  hoaogeneous  state  were  used  for  structure  studies. 
Amino  acid  composition  (Table  ¥Z  and  VIZ)  was  determined  on  the 
Tecbnicon  amino  acid  Autoanalyzer,  and  tho  amino  acid  sequence 
of  the  peptides  are  being  determined  by  the  degradation  procedure 
of  Edman. 
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Tabla  II 

131 

Ring  tests  of  rabbit  cnti-cobrotozin  sera  with  I  labeled  and 
unlabolcd  cobrotosin* 
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w 


Table  III 

Distribution  of  radioactivity  in  various  organs  of  an 

immunised  rabbits  after  intravenous  injection  of 
131 

I  labeled  cobrotoxin 


Organ 

Vet  weight 
(ga) 

CftM/orgon 

CID^gn 

%  Radieaetivity 
distribntiea 

Speen 

1.2 

8.2  X  10^ 

6.8  X  10^ 

a.i‘ 

Liver 

48 

2.6  s  10^ 

6.1  X  10^ 

66.6 

Elo^der 

47 

3.6  X  lO-* ** 

7.5  s  10^ 

9.3 

Kidney 

15 

4 

9.3  r.  10 

6.2  X  10^ 

8.4 

Heart 

5 

1.3  X  10^ 

2.6  X  10^ 

0.33 

Lymph  node 

a 

6.2  X  10^ 

3.1  X  10^ 

0.15 

Total 

80.88 

*  including  urine 

**  including  blood 


1 

i 

i 


i 
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Table  XV 


Distribution  of  radioactivity  in  aubeollulAr  fractiona 
of  liver  and  eploon  of  an  iamoniaod  rabbit  after  intravonoua 
injection  of  780  of  labeled  eobrotoxin 


Subcellttlar 

fraction 


Supemotant 
Microcomo 
Mi  tochon^o 


Oiatribotion  of  radioactivity 


liver 


aploen 


73 

13 

6 


6l 

ir. 

18 
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Table  V 


Aoino  acid  composition  of  the  nourotoxins  ioolatcd  from  snalce  venoms 


Naja 

naja  atra 
(Cobro- 
torin) 

Naja 

nigricollis 
{Tosine  (X ) 

Laticauda 
reuifasciata 
(Brabu  toxin), 
a  b 

L.  lati- 
caudata 
(Latico- 
toxin  a) 

Androctonus 
australis 
(Meuro toxin) 

I  ir 

Cro talus 
terrificus 
(Crotamin) 

Arriartic  r.cid 

3 

7 

5 

4 

9 

9 

8 

3 

mine 

7 

8 

5 

5 

4 

2 

3 

- 

4 

2 

7 

7 

5 

G 

2 

3 

a.li’.tiv.nio  acid 

7 

6 

8 

8 

7 

- 

4 

Tivlinc 

2 

5 

4 

4 

5 

6 

3 

4 

fiiyc.ln'? 

7 

5 

5 

5 

5 

6 

7 

3 

.'■.ianinc 

«• 

- 

- 

- 

- 

■t 

'j 

y 

- 

Half-cystine 

8 

8 

8 

8 

8 

8 

8 

4 

Va.i.  ine 

1 

2 

2 

2 

1 

4 

4 

- 

Methionine 

- 

os 

- 

- 

- 

- 

- 

1 

Ifjolcncine 

2 

3 

4 

4 

2 

3 

1 

1 

!. our,  ine 

1 

2 

1 

1 

1 

4 

2 

1 

Tyrosine 

2 

1 

1 

1 

1 

3 

7 

1 

^’henylalonine 

- 

- 

2 

2 

1 

1 

1 

2 

Lyuine 

3 

6 

4 

4 

4 

6 

5 

11 

Histidine 

2 

a 

1 

a 

2 

1 

2 

3 

Arginine 

6 

3 

3 

3 

5 

2 

3 

2 

Tryptophan 

1 

1 

1 

1 

1 

1 

1 

3 

To  tal 

61 

61 

6l 

61 

61 

64 

46 

Min  .  mol .  wt . 

6846 

6787 

6750 

6770 

6880 

6822 

7249 

5450 
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Table  VI 


Anino  acid  composition  ot  tryptic  peptideo  from  RCM-cobrotozin 


Poptidea 

Amino  acid  compooition 

Total 

residues 

T-1 

(CM-cya^  a?  q) 

3 

T-2 

(CM-cya^  5,  Aop^  Thr^  Glu^ 

Ile^  0>-A*-Oi.2 

12 

T-3 

(CM-Cysg  5,  Asp^^^,  Thr^^^,  Ser^  g, 

“^'*5.0* 

Pro^^^S  Lou^  Tyr^^^;  His,  o)-LySj  ^ 

T-4 

(CM-cys,.,?  Ser^  g,  Pro,  ,,  Gly^  j,; 

T-5 

(Thr,  Q,  Glu,,o)-Aro,  ,, 

3 

T-6 

(Aap,  Q,  Hi.,^Q)-Ar0,  ,, 

3 

T-7 

3 

T-8 

Trp^  -Arp 

2 

T-9 

byo,  ,,  Arp,^^ 

2 

T-10 

Gly;  Tyr  (electrophoresis) 

2 

T-11 

Arp 

1 
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Tablo  VII 

Amino  acid  compooltion  of  chymotryptic  peptidoa  from  RCM-cobrotozin 


Peptidea  Amino  acid  compoaition 


Total 

raaiduea 


C-l 

C-3 

C-3 

(CM-cyBj  Aapj 

C-4 

C-5 

-Tyr_  _ 

0.7 

C-6 

Asp 

c-7 

"*““^*0.8’ 

C.8 

Aap^  0‘ 

C-9 

C-10 

n 

1 

pA 

C-12 

C-13 

^““'^*2.2* 

C-14 

(Glyi,05 

C-15 

C-l6 

As?i^O»  *'y°2.05 

C-17 

(Lys^  0»  ^•‘•91.2^ 

C-l8 

(Lyn^  qJ  ^‘*-01.3^ 

APPENDIX  B-1 


Fig*  !•  Exhausted  iodination  of  cobrotoziD  with  varieve  aaouats 
of  XCI  solution* 

Reaction  was  carried  out  at  25  1  3*  for  80  aiot  in  1*5  •! 
buffer  (pH  9) ,  containing  0.3  ft  aoXa  of  eobrotoxint  2  X*  t  and 
Tarious  amounts  of  XCI  solution.  One  ■!  aliquot  was  then  passed 
through  a  Sephodez  0-25  coluam  (l.l  z  20)  and  elated  with  water. 
Sverr  1.5  aX  of  the  effluent  was  oollected  by  grarity.  About 
93  to  95  per  cent  of.  protein  was  obtained  in  fractions  Nos.  .5-8. 
Percentage  of  incerporotion  was  estiaated  by  coaparing  the  radie- 
actiwity  before  and  after  passing  through  the  coluaa. 
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Fig.  2.  Ultra- 
and  cobrotoxin 

(a)  lodinated 

(b)  lodinated 

(c)  Unlabcled 
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Pig.  4*  8ei>li«ilex  q  85  coludbi  cbroaategrApby  of  turino. 

1  ml  of  the  urioo  was  applied  to  »  Sopbadox  a  >5  colm  (1»1  x 
20  cm)  and  then  elated  with  water* 

'  ”  ■■  lurine  of  fraction  No.  3. 

————I  urine  of  traction  No.  80* 


2 


PERCENT  OF  RADIOACTIVITY  EXCRETED 
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Pig*  5«  Excrotlen  of  radioactivity  in  urino  aftar  injection 
of  2.6  mg  radio iodinatod  aorun  albumin  with  (b)  or  without  (m) 
cobrotoxin  (30  ug) • 
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Fig.  6.  Scanegram  of  isMBisod  rahblt  aftor  injootloa  of 
iabelod  toxin. 

500  of  Iabelod  cobrotoidB  was  iaioeted  into  a  kg  rabbit 
•ad  ■eaaoaraaa  voro  tricoal  •«  5  boorai  b»  5  bours;  c,  8  boarai 
df  24  boura  aftor  injoetiaa* 
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Fig*  7*  Seaaegr«a  of  non-imiunised  rabbit  aXtar 
injoetioa  of  leboled  cobrotosin. 

40  Jig  of  laboled  cobrotoxin  woo  injected  into  8*5  kg 
of  rabbit  and  scanograa  was  teiccn  after  3  boura* 


r^ASrO/CTIVITY  EXCRBTBD 


APPENDIX  B-9 


6 


Fin.  9  ORD  (- — -)  and  CD  (- - )  of  cobrotexin  in  O.l  M  NaCl. 

CRD  measureicRntci  Above  225  1-cu  coll|  protoin  concentration 

(c)  s  0.025  ;«  or  0.5-cd,  oaII,  e  >  0.071  From  215  t*  225  mpi  O.l-cm 
cell,  c  »  0.071  or  l-cci  coll,  c  >  0.0125  Bolow  215  b>)>i  O.l-cm 
cell,  c  °  0.030  01*  0.014  %, 

CD  r,)on:vjio;.ientat  Above  240  1-  or  0.5~co  eall|  e  >  o.l  or 

0.071  Fror,  240  to  220  n^,  0.2-csi  C^ll,  c  •  O.l  or  0.071 
From  22c  CO  i:lO  091,  O.l-cm  cell,  c  -  0.1  or  0«071  or  0.2-cm 
cell,  c  s  O.C23  Bolow  210  nyi,  C.Ol-ca  coll,  e  ■  0*071  %  or  0.1-om 
cell,  c  =  0.C14  )&. 


VAVELBNGTH  (aji) 

Fig.  10.  ORD  (— — )  and  CD  (■  ■  )  of  RCH-  and  parforaic  acid., 

oxidised  cobrotoxin.  Curve  1,  RCM-cobretoxin  in  phosphate  buffer 
at  pH  !}.9i  ionic  strength  0*lt  Curve  £,  porfomio  aoid*oxidized 
cobrotoxin  in  0.1  M  NaCX. 
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fig,  11  CbroBatoeraphie  fraetlonation  ot  the  poptides  obtained  by  the  tryptic 
bydrelysio  of  CM-cobrotosln* 

Tho  peptitfea  froa  180  ag  of  the  protein  vere  loodod  on  •  colunn  (i.5  x  cn) 
of  Ootfoa  SO  k  8  (BOO>4oO  a«ah)t  wbtcb  was  oquilibrotod  with  0»1  M  pyridine- 
foraate  buffer,  pH  3.25,  Tbo  cuiuan  wna  developed  wltb  tho  buffer  linearly 
Increr.cing  the  pH  and  the  ionic  strength  fron  0.1  M  pyridine- I'oruate  of  p;: 

3.1  to  ',,5  H  pyridine-aeotate  of  pH  5  by  the  r.id  of  an  /.utoprad  consif  Ulu*]  of 
9  choubera.  The  flow  rate  wae  oUjuBtod  to  "0  ml  per  lioux-  and  tiie  effluent 
was  collected  in  5.5  ml  fraotions.  Aliquots  from  each  tube  were  analysed  by 
the  ninhydrln  method. 
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Fig.  1:..  Paper  oloctrophoregram  ot  pcptido  fractions  obtained  by  the  column 
chrouatogrophy  (Fig.li). 


The  olcctrophoreoio  was  carried  out  at  ;::5C0  volts  per  36  in. length  of  paper 
for  60  miauteo  witri  pyridino-acotic  ocid-water  (7t::t490,  v/v)  of  pH  5.4  as 
the  electrolyte. 
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lo  Studies  or  Labeled  Cobrotoxxn-  The  exhausted  iodination  of  cobrotoxin,  the 
crystalline  toxin  ootained  from  Formosan  cobra  venom^  with  resulted  in  the  mayiinurn 

incorporation  of  1  moles  iodine  per  mole  toxin  without  changing  its  lethality  or  anti¬ 
genicity.  The  scanogram  of  rabbits  in  both  conditions,  immunized  and  non- immunized, 
showed  marked  different  pattern  in  distribution  of  radioactivity.  Sixty-slx  per  cent 
of  the  injected  radioactivity  was  denonstrated  in  the  liver  of  the  immunized  rabbit, 
sacrified  b  »  after  injection  of  the  labeled  toxin.  In  the  non • immunized  rabbit  the 
radioactivity  was  localized  in  the  bladder  2  h  after  injection, 

ti.  Optical  Rotatory  Dispersion  a»d- Circular  Dichroian  of  Cobrotoxift^  The  ORD  curve  of 
the  native  cobrotoxin  is  quite  different  from  those  of  the  usual,  proteins  having  right- 
handed*i(  helical  structure  and  has  a  positive  peak  at  207  mtu  a  negative  trough  at  222 
Oft,  and  a  large  positive  peak  at  233ay.  The  very  unusual  ORD  curve  with  a  positive 
peak  at  233  af  and  a  negative  trough  at  222  ayi  has  been  observed  so  far  only  for 
aviain  and  erabutoxip,  a.  The,.CD  spectrum  of  cobrotoxin  nad  negative  maxima  at  arouna 
285  ofi  and  215  «p  and  positive  maxima  at  228  oyt  and  at  around  201  It  is  suggested 
that  the  cobrotoxin  molecule  contains^- struct ure ,  On  reduction  or  oxidation  of  the 
disulfide  bonds,  the  ORD  and  CD  curves  changed  greatly.  These  ORD  and  CD  curves  are 
not  characteristic  cf  t ne  completely  random  conformation,  but  closely  resemble  the 
calculated  ORD  curves  of  a  mixture  of  a  large  atnount  of  random  coil  and  a  small  amount 
of^-neiix  cr  -  st  ructurt ,  (Author) 
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